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Example 3 

Recombinant Modified Vaccinia Ankara (MVA) 
Expressing the TAA lac Z and IC-2 

Modified Vaccinia Ankara (mA) strain is used as the 

5 expression vector. MVA was derived from vaccinia virus 
im) by over 570 serial passages in chicken embryo 
fibroblast cells CCEF) (Mayr, A. et al . infggtion 3:6-14, 
l$7S) - The resulting MVA strain lost the capacity to 
productively infect maimitalian cells {Altenljurger, W. et 

jQ al. Arch . Virol 105:15-27, 1989; Meyer, H, et al. J. g?n. 
Virol 72:1031-1038, 1991). The ejq^ression of late, as 
well as early, viral genes is unimpaired in human cells 
despite the inability of MVA to produce infectious progeny 
(Sutter and Moss. Proc . Hatl . Acad> Sci. m& 69:10847- 

j5 108S1, 1992}. 

An insertion plasmid is constructed with the 
gene and the B7.1 gene under the control of the vaccinia 
virus late promoter Pll to allow homologous recoirlsi nation 
at the site of a naturally occurring 3500 -base-pair 

2Q deletion within the MVA genome, MVA recombinants are 
isolated and propagated in permissive avian cells as 
described in Sutter and Moss 1992 and Sutter et al. 
Virology 1994. The expression of ^-gal and B7.i upon 
infection of nonpermissive human cells is detected by 

2^ methods described herein. 

gxaptple 4 

Effect Of Inoculation Of Various 
Recombinant Vaccinia Virus Constructs 
On Primary And Secondary Responses 
, Agaia§t vacci nia Or ff-cgaiactosid^ge 

30 Materials and Methods 

5 BALB/c mice per group were inoculated i.v. 

or S.C. with different doses the following vaccinia 
recombinant {rW) : Il»-2 rW; GM-CSF-rW; TNFa-rW| 

In all these constructs the mouse model tumor 
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associated antigen, jS-Gal was under the control of the 

p7,5-kD {E/Lj promoter (Cahran, M.A. et al ij„. Virgl,,,. 54 

(ISO. l);30-37, 1995) while the cytokins production was 
driven by p,^rtb«k!.^ promoter {Davidson et al Nucleic Acid 
Research 18 {No, 14} :4285-5286, 1991), All these rW were 
generated by recombination in the TK region of vaccinia 
using the plasmid pMJ601 described in Davison et al 
Nucl e i c Acids Rege^ £j;;h 18 (No. 14) :4285-5286, 1991. 
VJS6 

In this construct, containing the E6 protein from 
Human Papilloma Virus (HPV) a pE/L promoter {the 
"synthetic superpromoter" ) is placed just upstream the 
p7.5 promoter controlling the jS-Gal expression and 
oriented in the same direction. 
Control Vaccine 

Control vaccinia (cirude 19, NP-W) does not 
expressing i3-Galactosidase. 

Prijnary in vivo Responses and Secondary in vitro Responses 

Female BALB/c mice, 8-12 weeks oldj were obtained 
from the Animal Production Colonies, Frederick Cancer 
Research Facility, NIH, Frederick, MD. Primaxy lymphocyte 
populations were generated by injecting BALB/c mice i.v. 
or subcutaneously with 10*- 10' plague forming units tpfu) 
of recombinant virus {2 doses in some cases) . To assay 
for primary in vivo responses spleens were harvested on 
day six, dispersed into a single cell suspension and 
tested for their ability to lyse /S-gal expressing and 
control targets in a six hour .*'Cr release assay. 
Secondary in vitro effector populations were generated by 
haorvesting the spleens of mice 21 days after immunisation 
with recombinant virus and culturing single cell 
suspensions of splencytes in T-75 flasks (Nunc, Demrark} 
at a density of 5.0 x 10* splenocytes/ml , with 1 ^tg/ml of 
antigenic peptide in a total volume of 30 ml of culture 
medium consisting of RFMI 1640 with 10% fetal calf serum 
{both from Biofluids) that contained 0.1 eM non-essential 
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amino acids, l.On^^I sodium pyruvate (both from Biofluids) 
and 5 X 10-^ M 2~mercaptoethanol (GISCO/BRL, Rockville, MD) 
in the absence of IL-2. Six days later splenocytes were 
harvested and washed in culture medium before testing in a 
-''Cr release assay. 
^'Cr relemse assay 

Six- hour ^'Cr release assays were performed as 
previously described {Restifo, N, et al. 0^ Ejq^ 
177:265, 1993). Briefly, i x 10* target cells were 
incubated with 200mCi Na^'CrO^ {*'Cr) for ninety minutes. 
Peptide pulsed targets were incubated with l ixg/ml (which 
is roughly X}M} of antigenic peptide (for ^-gal = 
TPHPARIGL peptide} during labeling as previously described 
(Restifo, N, et al . sl^ Inmunol 147:1453, 1991). Target 
cells were then mixed with effector cells for six hours at 
the effector to target (B:T) ratios indicated. The amount 
of ^'Cr released was determined by 7 -counting and the 
present specific lysis was calculated from triplicate 
samples as follows: [{experimental cpin - spontaneous 
cpm)/ {maximal cpm - spontaneous cpm) ] x 100. 

la vivo protectioa and treatiaeaat studies 

For in vivo protection studies, mice were immuniEed 
with recombinant virus 21 days before a subcutaneous 
challenge with 10* tumor cells or an intravenous challenge 
with 5 X 10* tumor cells, as previously described {31} . 
After tumor challenge all mice were randomised. Mice 
receiving sufocutanaous tumor were measured twice a week. 
When tumors developed, they all grew progressively and 
were lethal. Mice were euthanized, however, when they 
were moribund. All mice that appear as long term 
survivors had no palpable tutmor. Mice receiving 
intravenously administered ttimor were euthanized on day 12 
and randomized before counting lung metastases in a 
blinded fashion as previously described (2) . 

For in vivo treatment studies, un- irradiated BM^B/c 



W0 96/II2?5> 



PCT/t5S95/1263S 



- 42 - 

mice were ehallenged with either 10^ or 5 x 10^ ttimor cells 
intravenously in order to establish pulmonary metastases. 
Mice were subsequently vaccinated with lO' PFU of the 
designated recoiJTbinant virus intravenously or 
^ siabcutaneously on days three or six. Mice receiving 

intravenously administered tumor were exithaniEed on day 12 
and randomiaed before counting lung metastases in a 
blinded fashion. 

The following targets were used in each assay: 

CT26 = ffiurine H-2'' adenocarcincana 

CT2S gal = murine H-2^ adenocarcinoma expressing fi- 
Gal. CT2S gal also expresses higher levels of class I MHC 
molecules - 

E22 « murine H-2* thyntcma expressing |?-Gal, 

CT26 + peptide - CT2G pulsed with TPHPARIGL (876-884) 

L" -restricted j8-gal peptide 

GT26-vac - CT26 infected with crude 19 vaccinia 
Lytic Units 30% were calculated for the ant i -vaccinia 

cytotoxic response. Lytic units 30% (L.U. 305 indicate 

the number of effector ceils necessary to give a 30% lysis 

of 10,000 target cells. 

Example 5 

Cytokine Secretion After Infection 
Of BSC~1 Cells With Various 
25 E §i;i;)|iab inant Vaccinia virus Const^^ptg 

Duplicate wells of 10* BSCl in 1 ml of 2,5% fetal 
calf serum {FCS) medium RPMI 1640 with antibiotics {24 
well plates) were infected with VJS6, rW-IL-2, rW-GM- 
CSF, r'W-IFK7 or rW-TNFa. At the end of incubation at 

30 27''C for 24 hours, supernatants were removed, centrifuged, 
and the concentration of cytokine determined as shown in 
Table 1. Values are expressed in pg/ml . 

The concentration of each cytokine was determined 
using commercially available detection kits for GM-CSF, 

35 IFNy; IL-2 and TNFa. 
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The results show that high concentrations of each 
cytokine were detected. The highest concentration of 
cytokine produced was lL-2 from BSC-l cells infected with 
rW-IL2 {Table i) . 

5 
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Table i 

DEHECnON OF CYTOKINES SECRETED AFTER 
INFECTION OF BSC I CEIXS WITH DIFFERENT rVV 



M0I12h MOI36h 



5 



rVV 


1:1 


0.1:1 


0.01:1 THITER* 


1:1 


0,1:1 


0.01:1 


TITER' 








GM-CSF detect 


ion kit 








VJS6 


<35.6 


<15.6 


<15.6 


<15.6 


<15.6 


<15.6 






<15.6 


<15.6 


22 


<I5.6 


<15.6 


<i5.6 




jOMCSF 


>250 


>250 


>250 5.1X10- 


>250 


>250 


>250 


4.2x10* 


IFNv 


<i5.6 


<!5,6 


<1S.6 


<15.6 


<15.6 


<15.6 




TNFa 


<!5.6 


<15.6 


< 15.6 




<15.6 


<15.6 










WN f detection m 








VJS6 


<47 


<47 


<47 


<47 


<47 


<47 




IL-2 


<47 


<47 


<47 


<47 


<4? 


<47 




GMCSF 


<47 


<47 


<47 


<47 


<47 


<47 






> 12000 


9000 


1000 56000 


>1200O 


>l20O0 


>12000 


> 67000 


TNFa 


<47 


<47 


<47 


<4? 


<47 


<47 










IL-2 deti^oi 










VJS6 


<34 


<34 


<34 


<34 


<34 


<34 




|iL-2 


>8S0 




>850 2x10" 


>%S0 


>SS0 


>850 


3.9x!0^ 


GMCSF 


<34 


<34 


50 


54 


63 


110 






<34 


121 


135 


94 


97 


132 




TNFa 


<34 


<34 


<34 


<34 


<34 


<34 












n m 








VJS6 


<30,2 


<30.2 


<30.2 


<30.2 


<30.2 


<30.2 






<30,2 


<30.2 


<30.2 


<30.2 


<30.2 


<30.2 




GMCSF 


<30.2 


<30.2 


<30.2 


<30,2 


<30.2 


<30.2 




IFN-y 


<30.2 


<30,2 


<m2 


<30.2 


<30.2 


<30.2 




jTNFft 


2050 


310 


295 2050 


>2450 


>2450 


>2450 


135000 



a. Supematants from 1:1 MOl (multiplicitj' of Lnfectivity) infected cells, that were expected to 
exceed the highest paint of ibe standard curve, were serially diluted (1:10 dilution) lo 
caicyifttc the ptiacise cytokine concisntTation. 



b. Oaly one of the two wells was positive. 
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Examplg % 

^-Galactosidase Production After BSCl Cell 
Infection With Various Vacciaia Virus Co nstructs 

one XlO* BSCl cells were infected with 1:1 MOI of 
either rW-VJS6, rW-IL2, rW-GM-CSF- rW-TNFa or rW- 
^ IFN7. At this MOI the cytopathic effect was less 

pronounced at time end of incubation, and presimiably no 
leakage of the enzyme had occurred- Pelleted cells were 
subject to three freeze -thaw rounds to release the 
cytoplasm content, cellular detarie was removed and the 
supernatant used for detection of galactosidase activity 
on the substrate 0-nitrophenyl-^-D-galactopyranoside 
CONPG) using a Promega Kit No. E200O ^promega, Madison, 
Wisconsin) . One unit of galactosidase hydrolyze l^iM ONPG 
per minute at pH 7.5 at 37°C. Duplicate wells were run on 
each sample. The results from two different eaqperiments 
are shown in Figure l- The control vaccinia, NP-W, did 
not express )3-gal. WS6 santples were serially diluted to 
fit within the depicted range. The results show a 1 log 
difference in the ^-Gal enzymatic activity of VJSS 
compared to the other recombinant vaccinia virus. The 
results as shown in Figure l parallel with the kinetics of 
blue staining with X-gal in plaque assays (data aot 
shown) . 

Example 7 

25 priiaary Response Of Mice At Day 6 After 

iniection I.v. With V ari ous Vaccinia vjr ys qonstructg 

5 BALB/c mice were injected intravenously (I.V.) with 
5x10^ plaque forming units Ipfu) of the following 
recombinant vaccinia virus: VJS6, IL2--rW, GM-CSF-rW. 
30 THFaf-rW OR IFNy-rW. At day 6, the spleens were removed 
and tested against the following target cells as described 
in Example 4: CT26, CT26 peptide, CT26 gal, E22, and CT26 
vac* 

Figure 2 shows the peak primary CTL response, IL-2 
35 and GM-CSP produced by rW during infection notably 
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enhanced the primary CTL response against vaccinia 
determinants. The spleen cells also gave a weak primary 
response toward 0~ga.l. 

Secondary Cultures From Mice 
5 Infected I.V. with Vario-us 

RecQinfein^nt; V^gpiniyi Virus Cong^:r^^gtg 

Mice were infected with various recombinant vaccinia 
virus constructs as described in Example 4. Spienocytes 
were harvested at day 6 or day 14 after inoculation with 

10 the rW. Secondary cultures were generated by 6 days 
incubation of 6x10* spienocytes /mi in complete medium 
containing 1 jug/nd TPHPARIGC peptide as indicated in 
Example 4. The results showed that CTL from VJS6, IL2-rW 
and GM-CSF-rW vaccinated mice could not be restimulated 

15 with an ^-gaX peptide 6 days after viral injection (Figure 
3) , The TNF~rW response of CTLs was characterised by the 
induction of a long -lasting non-specific cytotoxicity 
{Fig-ures 3 and 4) . The GM-CSF production had a negative 
effect on the anti-0-gal immune response of CTLs. 

20 Example 9 

Primary Response Of Mice At Day S After Injection 
S.C. Wii^h Vmovg R^coM?ip^nt Vaccinia virus Constructs 

5 BALB/c mice were injected subcutaneously {S.C.} 
with SxiO* pfu of the following recombinant vaccinia 

25 virus: VJS6, IL2-rW, GM-CSF-rW, TNFa-rW or IFNy-rW. 

At day 6, the spleens were removed and tested against the 
following target cell as described in Example 4: CT26, 
CT26 peptide, CT26 gal, E22 and CT26 vac. 

Figure 5 shows in all cases, each cytokine helped to 

30 increase the response to vaccinia in comparison to VJS6 
using the CT26 target, with the IL-2-rVV treatment being 
the highest. No lysis vfas obtained with the other target 
ceils. This indicates that the kinetics of the immune 
response induced by S.C, inoculation may be different or 

35 delayed in comparison to I, v. inoculation. However, 
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higher doses and/or different time intervals is expected 
to increase the itiagnitude of the primar>' response against 
vaccinia xising the subcutaneous route of inoculation. 

The lytic units (L.UJ 30% was determined by the 
nuHfcer of effector cells necessary to give 30% lysis of 
10,000 target cells using the CT26'vac cells as targets, 
Pigure 6 shows the results of this titration. The 
L.U. /spleen fxlO*) of each rW is as follows: Gm~GSP- 
124.3,' VJS6 - 14.9; IWn-y - 5.06; TNFoi = 2.88 and IL-2 « 
96.2. 

gj^^ple 10 

Secondary Cultures From Mice 
Infected S.C. With various 
RecggitJinahJ; va gcini a virng CQasi;ry<;tg 

Mice were infected with various recos&>inant vaccinia 
virus constructs as described in Example 4. Splenocytes 
were harvested at day 14 after inoculation with rW, 
Secondary cultures were generated by 6 days incubation of 
SxlO* splenocytes /ml in complete medium containing l jW-g/ml 
TPHPARIGC peptide as indicated in Example 4. The results 
as depicted in Figure 7 show a high level of non-specific 
response to each target cell regardless of the effector 
cell. 

Ex ai^X g 11 
Treatment Of Established Pulmonary 
Metastases With Racoitibinant Vaccinia 
Viru ses Secret iaq Piffferent: cytofcineg 

The three-day pulmonary metastases mouse model was 
used to evaluate the efficacy of treatment using rW. 
Nontreated mice normally succiimb to the metastases in 11- 
14 days using this model system. 

Mice were injected I.V. on day 0 with 5x10^ tumor 
cells {CT26 or CT26 0 gal) . Three days later they 
received an I.¥. injection of SxiO* PFU of VJS6, IL-2-rW, 
GM-CSF-rW, IFNa-rW, TNFy~rW or Hanks' Balanced Salt 
Solution {HBSS) (control mice) . The mice were randomized, 
and the lungs were harvested after 12 days. The number of 
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metastases was determined by counting in a blinded 
f asliion . 

Table 2 shows tiiat moderate doses of IL2 produced by 
the rW was effective in treatment of 3 day old metastases 
induced by CT2 6 0 gal. 

Tabic 2 

DAY 3 TREATMENT OF ESTABUSHED PULMONARY METASTASES WFTH 
RECOMBINANT VACCINIA VIRUSES SECRETING DIFFERENT CYTOKINES 



CT26 Cn6 gg^ 



10 



rVV treatmenJ 


av«r»ge * 
metastases 


metastases' tnouse 


average # 
metMtase^ 


metastases/ 
mouse 




>5<» 


>500 K 5 


>5CI0 


>.500 x5 


VJS6 


>500 


>500 x 5 


186 


162. U6, 115, 
362, 175 


IL-2 rVV 


452.4 


500 X 4, 262 


- 1 


13, 2, 24, 12, 7 


GM-CSF fVV 


470.2 


500 X 4. 351 


373.6 


500 X 2, *>5, 
2S3, 179 


IFNy rVV 


>500 


>500 X 5 


232.S 


280, 97, 190, 
260, 337 


TNFa rVV 


>500 


>500x5 


361.2 


>500 x 2, 389, 
258, 159 



* controi mice were injected with HBSS aloae 



Example 12 

Treatment Of Established Pulmonary Metastases 
With Recombinant Vaccinia Virus Secreting 
Different Cytokin es Plus Exogenous IL2 

Mice were injected with tumor cells and rW as 
indicated in Example 4. Treatment with exogenous rlL-2 
(15,000 cetus units, twice a day, I. P.) was started 5 h 
after rW injection and protracted for S days. Lungs were 
harvested after X2 days. 

Moderate doses of IL2 {produced by rW or exogenously 
administered together with rW) were effective in 
treatment of 3 day old metastases induced by CT26 ^- gal. 
(Table 3) 
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Tabk 3 



DAY 3 TREATMENT OF ESTABUSHED PULKiONARY MEI'ASTASES ^TTH 
JRECOMBINAm* VACCINIA VIRUSES PRODUONG DIFFERENT CYTOKINES PLUS 
EXOGENOUS IL-2 



CT26 CT26ggai 



15 



rVV irc^itmeiil 


average # 




average # 


mttastases/ 




metastases 




metastases 


mouse 


mm' 


>5m 


>500 X 5 


>500'" 


>500x 5 


V5S6 


>500 


>500 X 5 


405.2 


>5O0x3. 2&7, 










259 


It-2 fVV 


437.4 


500 X 3. 


1 127.4'= j 


184,7. 126.91. 






267, 420 


229 




>500 


>500 X 5 


>500 


>500 X 5 


rIL-2 4 VJS6 


406.4 


>500x3, 


1 20. r 


43, 6, 0, 52. 3 






234 




GM-CSF rVV 


413.2 


>500 x 3. 


500 


500 x 5 






163, 403 






iFN7 rVV 


447.6 


> 500 X 4, 238 


412.2 


500 X 4. 66 



* control mice were injected with HBSS alone 

' all mice in this group djed between days II and 12 (betbre iung han'cst) 
' p value between the data in the frame is 0.0? 



Active Immunotherapy Using 
20 Exogenous IL-2 Together With rW 

Ex pressin? A Tumg x Associated Antig en 

A recombinant vaccinia virus expressing a Tumor 
Associated Antigen (TAA) was constructed as described in 
Example 1 . 

25 Mice were injected with 5 x 10- of CT-26 expressing 

g-gal via an I.V. route of administration. Three days 
later the mice were injected with rVV-TAA~jS-gal, alone or 
in combination with exogenous tL2, [High dose tKD) 
exogenous IL-2 (100,000 I.U., I. P., BID x 3d) or low dose 

30 {ID IL-2 {15,000 I.U., I. P., BID X 3d) 1 was administered 
as indicated and then randomised. 

The number of mice surviving and survival time in 
days was monitored. Those mice receiving rW-TAA plus 
exogenous IL2 survived. {Figure 8) 

35 
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Ex^ ittpl,,^' 14 

Figure 9 shows the survival of mice with non-jS-gal 
expressing tumor established after immunotherapy with 
different recombinant vaccinia vectors. Mice were 
injected with 5 x lO' CT 26 tumor cells {non-/5-gal} via 
I.V. route of administration. On day three they were 
injected with IC^ pfu of the following rW which also 
contained the /S-gal gene: IL-2rW, TNFa-rW, VJSS, G^3- 
CSPrW, The number of mice surviving and survival time in 
days was monitored. No difference in survival was 
observed in any of the treatment groups. 

Figure lO shows suirvival in mice with an established 
0-gal expressing tumor, CT26,25 after immunotherapy with 
different recombinant vaccinia vectors. Mice were 
injected with 5 x lO-* CT26.25 (^-gal expressing) via I.V. 
route of administration. On day three they were injected 
with 10^ pfu of the rW described above. The results show 
that a clear survival advantage was conferred on those 
mice treated with the IL-2rVV {also containing the ^-gal 
gene) compared to treatment with any other rW. 

20 

Example 1 5 

Active Treatment Of Established 
Pulmonary Metastases Using 
B7 - rW Construct 

All of the following recombinant Vaccinia vectors 
25 were constructed by placing both the cytokine gene and the 
TAA gene in the TK region of the vaccinia vector genome, 
Promotors varied based on the plasmid used for 
recombination. The majority of the constructs used the 
P7.5K promotor. 

30 The three -day pulmonary mscastases model was used as 

described in Example 4. Five x 10'' tumor cells were 
injected into mice. Three days later 1 0*^-10^ pfu of each 
vector was injected I.V, Lungs were harvested on day 12. 
The results as depicted in Figure 11 and 12 showed 

35 that the rW vectors encoding S~gal and the 



iramunostimulatory molecule, B?.l, IL-2 or ICiiM-1 
profoundly inhibiceci pulmonary metastases in an antigen 
specific manner. 

The priroary response of the mice on Day 9 after 
injection with tiMior cells was determined. The results 
are depicted in Table 4. The percent lysis of "Cr labeled 
target tumor cells is recorded. A significant priinary 
imrmine response was seen with multiple recarabinant 
vaccinia vectors, most notably B7.lrW, which correlates 
with the in vivo treatment response. 
Table 4 

Primary Response of Mice 6 Days After Injection 
I.V. With Various Vaccinia Virus Constructs 



!5 



25 



35 







Tumor 


cells 






rW {pfu) 




CT26 


CT26/P 


C25 


CT26/V69 


Construct 


Target 












100 : 1 


-3.86* 


82,99 


81.45 


21.69 




33 : 1 


- 4 . 8 S 


91 , 86 


69 > 01 






11:1 


-6.10 


61.64 


71.75 


7.33 




37:1 


-8.61 


53.99 


54-22 


2.19 




1.2:1 


-9.53 


39,93 


40.87 


3.25 




04:1 


-16.57 


27,3? 


26.74 


-0-15 


B7-1 10* 


100:1 


2.75 


68.18 


5270 


70,75 




33:1 


-2.05 


84.93 


66-76 


82.89 




11 : 1 


-2.85 


41.2? 


73 . 12 


56, 05 




37:1 


-3.76 


41.93 


3S0-06 


42 . 19 




12:1 


-8-05 


26.24 


31.70 


44.97 




0.4:1 


-8.52 


20.50 


3S-49 


37.13 


NA 10^** 


100:1 


4.04 


79.02 


69.65 


14 . 06 




33:1 


1.70 


72.66 


82.36 


10.65 




37:1 


-1-01 


51.75 


63.41 


7.53 




11:1 


-2-75 


35.65 


42.33 


0.37 




12:1 


-4,88 


34,98 


28.49 


-11.67 




0.4:1 


-6.57 


6 . 14 


20.02 


-13.66 


m IQ* 


100 J 1 


27.40 


88.40 


121.19 


31.48 




33:1 


13.47 


74 .16 


112 . 42 


1.41 




11:1 


0.53 


41.16 


97.33 


-4.07 




3.7:1 


-0,35 


S-95 


86,27 


1.58 




1.2:1 


-0.43 


-2.05 


69 . 52 


371 




04:1 


-4.06 


-2.59 


40-13 


-4.37 



MVA 10* 



mh 10'' 













33-1 










1*1 


3 45 


2 95 


49 "38 


4 '34 


37:1 


0.06 


5.76 


28,12 


3.13 


1.2:1 


-1.30 


2.43 


2S,05 


-3.60 


0.4.1 


-4,26 




x6 .78 




100 ;1 


17.54 


71. 07 


46 . 31 


0 .14 


33:1 


13 . 81 


70 . 97 


37 . 10 


1 . 10 


11:1 


6 .36 


44 .59 


35 . 00 


-0.30 


3.7: 1 


-2.29 


17.29 


28.58 


-6.94 


1.2:1 


- 3 . 54 


2 .82 


27.91 


-0.76 


0,4:1 


-17,53 


-6.63 


19 . 66 


-9,8? 


100: 1 


24.83 


20.SS 


33.37 


34 . 47 


33 :1 


20.74 


15 . 35 


19 . 42 


34 . 75 


11 : 1 


12 . 61 


- 10 . 25 


9 , 73 


27 , 77 


37:1 


9,32 


-11.37 


8.51 


17.51 


1.2:1 


-5.98 


-13.23 


8,58 


17,01 


0.4: 1 


-10 , 88 


- 29 . 04 


5.55 


9 . 10 


100:1 


11.60 


28.14 


42 . 96 


-0 .32 


33 : 1 


-2 .37 


16 , 79 


21. 60 


-1.60 


11:1 


-7.83 


16 . 12 


-1. 67 


-7.08 


37:1 


-12.70 


8.51 


-3.28 


-11.12 


1.2:1 


-13.17 


6.15 


-11. S8 


-9.36 


0.4:1 


-24 . 72 


-4.83 


- 17 - 02 


-14.28 


100:1 


-9.69 


86 . 06 


92.89 


-5.1 


33:1 


-32.65 


33 . 05 


53 . 22 


-8.54 


11 : 1 


-39.51 


3S .26 


46 . 63 


-19 ,29 


37:1 


-42.44 


15,50 


24.28 


-17.91 


1.2:1 


-47.50 


2.17 


12.71 


-17.45 


0.4:1 


- 51. 77 


-1 .65 


9 . 44 


-30.42 


100 ; 1 


28 .10 


56 . 29 


30 - 10 


16 . 62 


33:1 


16.09 


41.69 


26.49 


-5.75 


11:1 


-1.22 


24.49 


24.50 


-17.06 


37:1 


-3.46 


24.04 


18.81 


-21.05 


1.2:1 


-9.65 


8,65 


13,16 


-20.82 


0.4: 1 


-17.10 


2.42 


8.34 


-27.53 


100:1 


29 .38 


33,59 


73.98 


22.03 


33:1 


24.69 


31.48 


72.14 


24.43 


11:1 


20.17 


27. 87 


61.82 


13,66 


37:1 


16.83 


23.47 


57.46 


7.24 
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10 



20 



25 



1,2;1 


8.44 


17.93 


51,60 


4 . 11 


0.4:1 


4.01 


19.12 


33.13 


-5.46 


¥JS6 10* 100 si 


1.53 


63,88 


63.8 


45.57 


33:1 


-23.69 


35 . 15 


36.13 


33.89 


11:1 


-2 7.32 


29.65 


27.61 


29,29 


37:1 


-41.54 


21.54 


21.57 


24.26 


1.2:1 


-45.02 


18.21 


16-21 


21 .06 


0.4:1 


-52.85 


14,18 


a. 78 


18.50 


WB^m 10'' 100:1 


3.50 


11,12 


23-52 


4-69 


33 : 1 


0.32 


11.95 


10.52 


3 .46 


11: 1 


-10.09 


5.10 


7,51 


-2.53 


37:1 


-21.06 


0.22 


1.10 


-2.51 


1.2:1 


-28.28 


-3 .99 


-3 , 04 


-4.26 


0.4:1 


-30.42 


-7.84 


-11.03 


-7.36 


Wa,m 10*^ 100:1 


25.09 


16. 18 


22.86 


1.54 


33:1 


25.61 


6.04 


19.48 


-2.55 


11 :1 


22.77 


-1,80 


14.43 


-11 .26 


37:1 


9 .16 


-8,25 


11-40 


-19.36 


1.2:1 


3.90 


-19.60 


10-69 


-24.29 


0.4:1 


-13.93 


-28.6? 


-1.28 


-29.35 


HBSS 100:1 


6.00 


17.33 


6.73 


-4.50 


33;1 


0.30 


14 . 46 


6.58 


-9-50 


11 : 1 


-10.32 


9.65 


-9.60 


-5 .68 


37:1 


-14.34 


1.66 


-17.73 


-13.69 


1.2:1 


-23.70 


-9.03 


-30.78 


-17.72 


0.4:1 


-29. 2S 


-12-56 


-38 . 08 


-17,75 


* % lYSis of *^Cr labeled tumor cells 






** = neuraminidase recombinant viral vector (rW) , MVA 


= Ankara non- replicating vaccinia virus rW, Kb 


= murine 


mc Class molecule rW, Ld = murine K-2L 


MKC 


Class I molecule rW, WB^ni == 


murine Beta 2-microglobulxn 


rvy, HBSS - Hank's Balanced Salt Solut 


ion 





The secondary response of the mice is depicted in 
Table 5. The results indicate a secondary immune response 
seen by both VJS6 and B7 . 1 against the relevant target . 
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Table 5 

Secondary Response of Mice 6 days After 
I.V. Injection with Various Vaccinia Virus Constructs 



10 







Tumor 


ceils 






rW (pfu) 




CT2S 


CT26/P 


C25 


CT26/V69 


Construct 


Target 










HBSS 














33:1 


15.83 


13.38 


10.05 


18.24 




11:1 


2,59 


5.89 


4,37 


11.39 




37:1 


0.83 


5.64 


-1.63 


-1.00 




1.2:1 


0.01 


2. 14 


-2.71 


4.12 




0,4:1 


1.66 


6.71 


8.61 


-0.11 


VJS6 10^ 


100 ; 1 












33:1 


21.52 


83.69 


63 . 82 


18.04 




11 ;1 


10.84 


62.35 


61.87 


16.80 




37:1 


7.91 


44.31 


S2,99 


4.75 




1.2:1 


10.24 


21.03 


18.30 


5,72 




0.1:1 


4.59 


14.14 


11.92 


10.07 


¥JS6 10* 


100 : 1 


18 . 55 


48 . 89 








33:1 


11.33 


41 . 52 


34 . 52 


8.25 




11:1 


8.06 


26.63 


33.00 


1.17 




37:1 


2.57 


16.54 


29.26 


-2 .23 




1.2:1 


7.86 


14.96 


13.57 


0.56 




0.4:1 


2.05 


3,65 


9.47 


-8.17 


lid 10^** 


100 : 1 


0 . 11 


30 . 56 








33:1 


-2.78 


25.03 


26,24 


-0.48 




11:1 


2,49 


16.01 


11.97 


-3.99 




37:1 


-1.02 


7.17 


7.28 


3 .50 




1.2:1 


0.52 


9.57 


4.36 


4.06 




0.4:1 


3.10 


6.23 


2.35 


3.29 


m 10* 


100:1 


18.65 


25,02 


14,24 


11.70 




33:1 


0,63 


11,23 


7.51 


11.36 




11:1 


-0.35 


7.47 


10.24 


2.76 




37:1 


-0.47 


1,38 


-0.00 


3.32 




1.2:1 


-3.19 


5.35 


5.89 


6.16 




0.4:1 


4.08 


5.70 


2.86 


4.04 


B?,l 10^ 


100:1 


-10,62 


83,64 


69.56 


-3.17 




33:1 


0,20 


€3,61 


59 . 63 


0.23 




11:1 


-6.10 


40.58 


61.77 


3.02 




37:1 


-1.91 


22.29 


22.86 


-2.5 




1.2:1 


-1.38 


8.0 


10.25 


0,22 
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0.4:1 


4 , 73 


8.39 


9 , 49 


2 . 22 


100 :x 


30.59 


59 . 22 


61 .29 


32.13 






74-4 


53 . 99 


23 . 29 


11*1 


13 , 92 


41 , 68 


49 . 63 


22 . 94 


37:1 


10.66 


31.02 


34.86 


5.63 


1.2;1 


4.87 


33 . SI 


S.45 


3.73 


0.4tl 


8 . 78 


7 . 6 6 


3.98 


7 . 16 


inn 


28.16 


18 . 13 


25 . 09 


30.30 


33 tl 


33 . 76 


28 , 62 


27 .99 


20 . 10 




28 . 69 


12 . 63 


9 . 75 


9 . 13 


37-1 




- 0 , 43 


12 . 79 


2 . 78 


1.2:1 


8.08 


4.47 


1.63 


-0,45 


0.4:1 


5.68 


-1.30 


1.21 


4.60 


100:1 


22 . 77 


32.85 


28.05 


27.07 


33:1 


10.46 


28.94 


30.49 


S.80 


11:1 


5.48 


24.20 


22.32 


-3 .73 


37:1 


0.49 


11.9 


12.82 


4.36 


1.2:1 


-0-95 


5 .29 


13.32 


6.36 


0,4:1 


4.75 


-0.73 


14.69 


9.59 



* % lysis of '*Cr labeled tumor cells 

** NA * neuraminidase recombinant viral vscot (rW) , MVA 
= Ankara non- replicating vaccinia virus rW, Kb = murine 
H-2K* MHC Class I molecule rW, Ld = murine H-2L** MHC 
Class I molecule rW, WB^ = murine Beta 2 -microglobulin 
rW, HBSS - Hank's Balanced Salt Solution 



Clinical Protocol For Phase I/II Trials In Patients 
With Metastatic Melanoma and Metastatic Breast Cancer 
of Immunization with a Recombinant Vaccinia Virus 
^Jj:.l...£g.£'..ti..a.g.....and b7 , i 



In this protocol patients with advanced melanoma and 
advanced breast cancer are immunized against M&GE-i, an 
immunodominant peptide from a cancer antigen in 
combination with costimulatory/accessory molecule B7-1. 

iUnong other criteria, patients must have evidence ot 
measurable or evaiuable metastatic melanoma or breast 
cancer that has failed standard effective therapy. 
Patients must have tumors that, express the MAGE-1 antigen 
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as evidenced by PGR or Northern Blot analysis of tumor 
cell SNA. 

Melanoma and breast cancer patients are divided into 
two categories each, those who have previously been 
vaccinated against smallpox and those who have not. Three 
patients in each category receive intradermal irnmunization 
with 10' plaque forming units/ml every £our weeks for a 
total of three doses- Patients are evaluated for 
toxicity. When three patients in each category have been 
followed for at least two weeks after the first 
lOTminization without achieving grade 3 or 4 toxicity not 
easily reversible by standard measures then the dose in 
that plaque category will be escalated to 10' plaice 
forming units/ml intradernmlly every four weeks for a 
total of three doses. Fifteen patients in each category 
will be treated at this dose and carefully evaluation of 
toxicity, inminologic effects and therapeutic efficacy 
will be evaluated. 

If any patient receiving the 10* pfu/ml dose achieves 
grade 3 or 4 toxicity not easily reversible by standard 
measures, then an additional three patients will be 
treated at that dose. If a second patient develops grade 
3 or 4 toxicity, not easily managed by standard 
procedures, then the dose will not be escalated in that 
category , 

¥gn;qjLne preparation . The recosibinant vaccinia virus 
used in this protocol is the Wysth vaccinia virus derived 
from the New York City Board of Health strain. This is an 
attenuated vims with an extensive histor>'' of previous use 
in hijmans. The recombinant virus has the gene coding for 
the MA.GE~i nine amino acid minimal deteminant plus the 
B7.1 sequence inserted into the viral th^idine kinase 
gene. 
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The recombinant virus is produced in a Food and Drug 
Aaministration approved facility for the manufacture of 
GMP grade clinical material. 

Vaccination p r Q ^.^dMie . The recombinant vaccinia 
vims will be supplied as a sterile, frozen suspension and 
will be approximately diluted to either 10* or 10^ pla^gue 
forming units/ml with phosphate buffered saline. 

Vaccination will be performed in the deltoid muscle 
area. The method of vaccination is suiranarized as follows? 

a) Open the bifurcated needle by catching the butt- 
end of the needle and gently pulling the point end free. 

b5 Dip the bifurcated point of the needle into 
vaccine. The needle will pick up a drop of vaccine in the 
space between the two points. 

c} Using the same bifurcated needle, use the 
multiple pressure technique toy pressing the needle through 
the vaccine drop on the subject's skin. Fifteen needle 
pressures will be administered. 

d) Alternative upper extremities will be used for 
subsequent vaccinations. 

Patients will be observed for 24 hours after 
immunisation. Body temperature will be measured at 12 
hours and at 24 hours and any adverse reactions noted. 

Post vaccination evaluation 

On day 14 after vaccination, patients will be seen 
and the following tests obtained; 

a) Complete history and physical examination, 
including any symptoms and progress of reaction from the 
vaccination. 

b) Photograph of the vaccination site. 

c) Complete blood count with differential count. 

d) Platelet counts. 

e) Acute care, hepatic, mineral and thyroid blood 
chemistry panel. 

f ) Serum and lymphocytes stored as performed 
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pretreatment . 

Patients will be evaluated at 14 days following tiie 
second vaccination and similar procedures will be 
performed prior to and following the third and final 
vaccination on day 5S. 

Patients will have a complete restaging of all sites 
of disease with appropriate physical exaraination and x- 
rays and nuclear medicine studies at the time of one and 
two months following the final vaccination. 

irounoXogig m^im 

Immunologic assessment will be made of the patient's 
response to vaccinia antigens as well as to the M?U3E-i 
antigen. 

a) All serum samples will be tested for anti- 
vaccinia antibody by ELISA, 

b) All cryopreserved lymphocytes will be tested for 
response to MAGB-l antigen using limiting dilution 
analysis of precursor CVh frequency using the method of 
couiie. p et ai International JournaJl Of Cancer so = 289- 

297, 1992, 

c) Patients with easily accessible disease may have 
biopsy under local anesthesia of accessible tumor to study 
the histopathologic nature of the ttimor as well as the 
isolation of tumor infiltrating lymphocytes for in vitro 
growth. Tumor infiltrating lymphocytes will be tested for 
specific reactivity and specific cytokine release against 
MAGE associated antigens. 

A complete response is defined as the disappearance 
of all clinical evidence of disease that lasts at least 
four weeks, 

A partial response is a 50% or greater decrease in 
the sum of the products of the perpendicular diameter of 
all measurable lesions for at least four weeks with no 
appearance of new lesions or increase in any lesions. 
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Minor responses are defined as 25-49% decrease in the 
sum of the products of the perpendicular diameters of all 
measurable lesiona with no appearance of new lesions and 
no increase in any lesions. 

Any patient with less than a partial response will be 
considered a non- responder . 

The appearance of new lesions or greater than 25% 
increase in the product o£ perpendicular diameters of 
prior lesions following a partial or complete response 
will be considered as a relapse. 

Similar protocols will be followed for the evaluation 
of other recoinbinant virus vaccines against cancer. 
Vaccines to be tested include but are not limited to 
Recombinant Vaccinia virus encoding MAilT-l and IL-2, 
Recombinant Vaccinia virus encoding MM:T-1 and B7.1, 
Recoxnbinant Vaccinia virus encoding GPIOO and IL-2, 
Recombinant vaccinia virus encoding GPIOO and B7.1, 
Recombinant fowlpox virus encoding MART-l and 1L2, 
recombinant fowlpox vims encoding MART and B7.1 and the 
like with the appropriate modifications depending on the 
antigen and virus used. 

gixagtple 17 

use of Lymphocytes sensitized To Immunogenic Peptides 
Derived From Melanoma Antigens For Therapeutically 
Treating Manimals Afflicted With Melanoma 

T- lymphocytes presensitized to the melanoma antigen 
inay be effective in therapeutically treating mammals 
afflicted with melanoma. T- lymphocytes ate isolated fi-om 
peripheral blood or melanoma tumor suspensions and 
cultured in vitro {Kawakami, Y, et al. (1988) J , , Sxp, Me t3^ 
168:2183-2191)- The T- lymphocytes are exposed to cells 
infected with the recombinant virus expressing a melanoma 
associated antigen and IL2 and/or B7.1 for a period of 
about to 1-16 hours at a concentration of i to lOmg/ml. 
T-iymphocytes exposed to the antigen will be administered 
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to the mammal, preferably a human at about 10^-10'* 
lymphocytes per mairmtal . The lymphocytes may be 
administered either intravenously, intraperitoneally or 
intralesionally . This treatment may be administered 
^ concurrently with other therapeutic treatments such as 
cytokines, radiotherapy, surgical excision of melanoma 
leeions and chemotherapeutic drugs, adoptive T lymphocyte 
therapy . 

E X;iiip,l,e Ig 

IQ Active Irnmunotherapy with Recombinant Vaccinia 

Virus Co- expressing B7-1, B7-2 or Both 
and a Model Tumor Antigen Mediates Regression 
of Established Pulmonar y Metastases 

Materials and Methods 
Anliaals 

15 Female BALB/c (H-2'') mice were obtained from 

Frederick Cancer Research Center {Frederick, MD) . All 
mice were used at 6 - 8 weeks of age . 
Pr^p»rai;ion C^ll him^ 

CT2S is an N-nitroso-N~nsethylurethrane induced BALB/c 

20 {H-2'') undifferentiated colon carcinoma as supplied fay D. 
J^ardoll I Baltimore, MD) . CT26 was cloned to procLuce a 
wild type parental tumor line, CT26.WT. The gene for lac 
z was stably transfected into CT26.WT as previously 
described herein and in Wang, M, et al Q . IrrounQl . 

25 154 (9) :4685-4692, 1995. Briefly, a plasroid donated by 

A.D. Miller containing the gene for jS-galactosidase and a 
neomycin resistance marker were used to construct the hZSN 
amphotropic retrovirus which was used to transduce 
CT26.wr. Transductants were selected in G418 media, and 

30 subcloned toy limiting dilution analysis at 0.3 cells/well. 
Subclones that expressed ^-galactosidase were screened by 
X~gal staining and in **Cr release assays with anti-^- 
galactosxdase effectors. The subclone CT2S.CIj25 was 
selected for use in all studies because of its stable 

35 expression of both jS-galactosidase and the class I 
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molecule H-2 BS-C-l or HeLa cells {ATCC, Mverican 

Tissue lyping Collection, Rookville, MD CCL 16) were used 
to expand and titer all viruses. Cell lines were 
maintained in RPMI 1640, 10% heat inactivated FCS 
{Biofluids, Rockville, MD) , 0.03% L-gliitajHine, 100 ftg/ml 
streptomycin, 100 ftg/ml penicillin and 50 fig/ml gentairticin 
sulfate (NIH Media Center) . CT26,CL25 was niaintained in 
media containing 400 or 800 fig /ml Q418 {GIBCO, Grand 
Island, N.y.) , 

CoastKUction and Cbaracterizatioa of Recoiafaiiiant vacciaia 
Virtises 

Construction and characterisation of recombinant 
vaccinia viruses containing murine B7-l( v.MCBT-l) , B7-2 
{V. MCB7-2), B7-1 and B7-2 (V.B7-1/B7-2} and measles 
hemagglutinin (HA) {v.MCMHA) is as follows. Briefly, the 
B7-1 gene (a gift from Or. R, Germain, JTIH) and the 
measles HA gene (a gift from Dr, S. Rozenblatt, Tel Aviv 
University, Israel) were cloned into the transfer plasmid 
pRB12 such that they were under control of the W 
synthetic early/late prcw^oter. The gene of interest was 
inserted into the Hind III F region of W. Methods used 
for the production and selection of rw in which the W 
thymidine kinase gene was utilissed as an insertion site, 
were similar to those described previously by Earl, P.L, 
et al, in: Current Protocols in Mol ecular Blp;. Ausubil 
et al {eds} Greene Publishing Assoc. and Wiley 
Interscience, 1991, 16 > 18. 1-16. 18, 10 unless otherwise 
stated. The v.MCB7-l/i8-gal and v.MCMHA/P-gal were 
constructed by homologous recombination of the plasmid 
pSCSSA (a modification of pSCSS in which the E. coli lac Z 
gene is under transcriptional control of the early 
function of the W p 7.5k promoter and flanked by W 
derived TK DNA) with v.MCB7~l and v.MCMHA respectively. 
The V. MCB7-2/^-gal was constructed with both the B7-2 
gene and the E. coli lac Z gene under transcriptional 
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control of the early function of the W p 7.5k promoter 
and flanked by W derived TK DNA. The v, MCB7-l/B7-2/j3- 
gal was constructed by homologous re coirfci nation of the 
plasmid pSCSSA (modified as stated previously to create 
the V. MCB7-2/^-gal construct) with the v. MCB7-1. 



Table 6. Construction of recombinant vaccinia viruses. 
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Recombinant 
Vaccinia Virus 
Code 


VP37 


Thymidine 
Kinaee 


Promote 
r 


Gene 


Promote 
r 


Gene 


v.MCB7'l/^-gai 


S.E/L 


87-1 


7.5e 


|?-gal 


v.MCMHA//3-gal 


S.E/L 


MHA 


7.S.€ 


f: a- 


V.MCB7-1/NP 

V. MCB7-2/jg-gal 

V, MCB7-1/B7- 
2//S-gal 

v.^5CMHA/B7-2/B- 
gal 


S.E/L 

S.K/L 
S-B/L 


B7-1 

B7-2 
MHA 


7.Se 
7 , 5e 
7,5e 
7.5e 


m 

B7'2, 
iS-gal 
B7-2, 

37-2, 
^-gal 



J^HA= measls hemagglutinin gene, B7-1 « murine B7-1, B7-2 « 
murine E7-2, N? » influenza nucleoprotein, 3~gal= E.coli 
iS-galactosidase gene, S.E/L = vaccinia synthetic early 
late promoter, 7.5e = early only function of the vaccinia 
7,5k promo cer. 

Recombinant viruses were simultaneously selected for 
their TK negative phenotype and ability to express fi- 
galactosidase . Transfer plasmid pGSS9 {Smith, G.h. et al 
Virology 160; 336-345, 198? containing the influenza 
nucleoprotein (NP) was recombined with V.MCB7-1 to yield 
V, MCB7-1/NP. This recombinant virus was selected on the 
basis of a TK negative phenotype. Plaques were then 
analysed for expression of NP by iminunostaining (Sutter, 
G. et al Vacci,;rte 12:1032-1040, 1994) and subsequently 
plaque purified under agar overlay four times before 
sucrose cushion purified viral stocks were prepared (Earl, 
P.L. et al C^^^^gy^v Pj^O^oqo Is jp ,MQl„r„,„S,iol„„..f ibid {Table 
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e.) . 

Preparation of rW expressing the influenza A/PR/8/34 
nucleoprotein {HP) was previously described {Smitto, G.L. 
et al Virology 160:336-345, 1987). In the control 
construct, v. the E.coli lac S gene was under the 

control of the early W p 7.5k promoter from plasmid 
PSC6S. Murine IL-2 cDBfA was amplified by polymerase chain 
reaction from pBMGNeomIL~2 and ligated into the Sma I- 
BamHI site of a vaccinia e^cpression vector, pI3J601, which 
contains the b-galactosidase gene under the control of W 
early p 7.Sk promoter. The other cytokines (GM-CSF, IFN- 
g, and TNF-a) were inserted into the wild type W genome 
with similar procedure. The technicgues used in preparation 
of the V. HLA.A2.1/^-gal (O'Neil, B.H. et al ^. Insnuppl..,. 
151:1410-1418, 1993) V. human and murine 
microglobulin/^-gsl. {O'Neil, B.H. et al q. XTOUngl. 
151:1410-1418, 1993} and all the murine MHC I 5L\ D^ K^ 
and K''}/^-gal mestifo, N.P. et al J. escd. Med. 177:265- 
272, 1993), has been previously described. 

Analysis of Recombinant Froteias aad Quaatifcation of ^- 
galactosidaae Baqprftssloa 

BS-C-l monolayers were infected with 10 infectious 
units of recombinant virus per cell. After 20 hours 
infected cells were harvested in solubilization buffer 
{0.06M Tris-HCl CpH 6.8), 3% SDS, 5% i3-mercaptoethanol , 
10% glycerol and 0.0Q2% foromophenol blue). Proteins were 
resolved on a 10% polyacrylamide gel and subsequently 
transferred to a nitrocellulose membrane using a Bio-Rad 
Transblott Mini cell IBio-Rad) at 250 mMips for 1 hour. 
Membranes were initially incubated for 1 hour in a 
blocking solution (PBS-B) consisting of PBS containing 3% 
non-fat milk (w/v) and 0.2% Tween 20, A murine specific 
B7-1 hamster antiboay {supplied by Dr. H. Reiser, Dana- 
Farber Cancer Inst, Boston) was diluted in PBS-B and 
incubated with filters for 3 hours at room temperature. 
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Filters were subsequently washed three times in PBS 
containing 0.2% Tween 20. Bound primary antibodies were 
detected by incubating filters, after washing with "^I- 
protein A {Amexshai«) at a concentration of O.l^Ci/ml in 
PBS-B. Filters were washed 4 times dried and exposed to 
X-ray film {Kodak} . Protein sizes were estimated using 14C 
molecular weight markers (Amersham) {Fig. 13} . 

Recombinant viruses were analyzed for jg-galactosidase 
expression using an enzyme assay kit {Promega, WI} . 
Briefly, monolayers of BS-C-l cells were infected at a 
multiplicity of infection {MDD of 10. Approximately 20 
hours post infection cells were washed with PBS and 
harvested with lysis buffer. Quantitation of ensyme 
expression was determined by incubating cell extracts with 
jS-galactosidase substrate and buffer solution as described 
in the manufacture res protocol, 
la Vivo Experiaeafce 

Jxi vivo protection studies utilised BALB/c mice which 
were iirariunized intravenously with either Hanks 's balanced 
salt solution {HBSS) (Biofluids, Inc., Rockville, MD) , 
v.MCB7-l/b-gal, or v.MCMHA/fa-gal (10^ plague forming units 
(PPU)). Twenty- one days following this initial 
iiamunization, the mice were intravenously challenged with 
5 X 10* tumor cells of CT26,WT or CT26.C25, Twelve days 
following tumor challenge, mice were randomised, 
euthanized, and lung metastases were enumerated in a 
blinded fashion. 

In vivo adoptive transfer studies involved 
intravenous immunization of BM<B/c mice with either HBSS, 
v.MCB7-i/b-3al or v.MC Ma/b-gal . The rW was 
administered at either 10^ or 10^ PFUs. After twenty-one 
days, these mice were euthanissed, and splenectomised. 
Following splenectomy, the spleens were morsel ized, passed 
through a Nytex membrane, and suspended in HBSS. 
Lya^shocytes were counted on a hemocytometer , and 2 x 10' 
lys^hocytes were adoptively transferred to mice who had 
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been injected intravenously with 5 x 10^ tmaar cells of 
either CT26.WT or CT26.C25. Designated groups of mice 
received adjuvant treatment with six doses of XL -2 
administered intra -peritoneal at a dose of 100,000 Cetus 
units two times per day for three days. Nine days after 
adoptive transfer of primed splenocytes, the mice were 
randomised, euthanized, and lung metastases counted in a 
blinded fashion. 

In vivo active treatment studies involved non- 
irradiated BALB/c mice which were inoculated 
intravenously with 5 x 10^ tumor cells of either CT26.WT 
or CT26.C2S. All mice were randomized and subsequently 
vaccinated with HBSS, or 10^ or lO^PFUs of the designated 
rW three or six days later. Designated groups of mice 
received adjuvant treatment with six doses of lL-2 
administered intra-peritoneal at 100,000 Cetus units two 
times per day for three days. Mice were randomized and 
euthanized on day twelve, and lung metastases were counted 
in a blinded fashion. Identically treated groups of mice 
bearing three day tumor burdens were also followed long 
term to assess the effect of vaccination on survival. 



T cell Sufeset Depletlonm 

Purified culture supernatants of anti-CD4 monoclonal 
antibody GKI . 5 (TIB 207; American Tissue Culture 
Collection) and ascitic fluid of hybridojiia 2.4 3 {anci-CD8) 
(TIB 210: American Tissue Culture Collection) were diluted 
in HBSS prior to use in vivo. For in vivo depletion 
BALB/c mice were given i.v. injections of GKi.5 at 100 
mg/ml or of empirically determined levels of 2.43 
monoclonal antibodies 48 hours prior to receiving tumor 
challenge, and again 6 days later. Using fluorescein 
isothiocyante- labeled anti~CD4 and phycoerythrin labeled 
ant i- CDS antibodies, FACS analysis was performed i day 
prior to immunization, and again at day 7 to verify 
depletion. 
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Mbtole Qrgran JT-gal Statinlnff 

Lungs from tumor -bearing mice wsre removed and 
inflated with PBS (Biofluids) prior to X-gal staining. 
Lungs were fixed in a solution containing 2% forroaldehyde 
(v/v) , 0,2% glut era! dehyde (v/v) in PBS for 45 minutes and 
washed witii PBS three times > Mter washing, the lungs 
were stained with X-gal solution for 12 hours at 37* C. 
X-gai solution for whole organs was prepared by coirsbining 
the following: 0.02% (v/v) NP-40, O.Oll Cw/v) sodiust 
deoxycolate, 1 mg/ml x-gal, 5 tM potassium ferrocyanide, 2 
mM MgC12 in PBS. After staining in X-gal solution, the 
lungs were rinsed briefly with 3% (v/v) dimethyl sulfate, 
and then with PBS and stored at 4** C in 0.02% (w/v) sodium 
aside in PBS. 

StmtiBticml Asmiysis 

Data from in vivo protection, adoptive, and active 
treatment studies was analyzed using a two-sided 
student's t test for unpaired samples. Errors bars 
represent the standard deviation within each group. 
Survival was analyzed with standard Kaplan -Meier survival 
curves {Kaplan, E.L. J. Am. Stat. Assoc 53:457-481, 195S) . 
All p values presented are two-sided- 
Example 19 

Characterization of >3urine B7-1 and E.coli 

ff.-g^i <?^p^g in Cells infegt^d by vagpinia virygeg 

Following preparation of the rWs, and prior to cheir 
use in in vivo experiments, the the in vitro expression of 
foreign protein in infected cells was evaluated by either 
irranunohistochemical staining, western blot analysis, or 
both. Western blot analysis of murine 37-1 expression of 
virally infected cells illustrated the previously 
reported diffuse staining pattern typical of highly 
glycosylated proteins (Fig. 13) (Freeman, G.J. et ai J. 
Ex p ■ M^d ■ 174:625-631, 1991}. Molecular weight markers 
estimate W expressed B7-1 to be approximately 55- 6B k Da 
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in size. The authenticity of rW expressed murine B7-1 
was further verified toy the binding of CTLA4-lg to v, 
MCB7-1 infected cells. Expression of rW murine B7~2 was 
verified by iiranunohistocheinical staining of infected cells 
using a murine specific 87-2 antibody (PharMingen, CA} » 
^ E3«pression of the TAA, ^-galactosidase. was similar for v. 
MCB7-l/^-gal and the control recoinbinant v, KCMHA/#-gal. 
in contrast v. MCB7-1/NF showed no signs of enzyme 
expression (data not shown! . 

Example 20 

Initial Screen: Ability of Iimunization with 
Recombinant "Vaccinia Virus to Mediate Regression 
Qt p^tablighed Yuagr 

It was determined whether combining a TAA with one or 
several of these iitroinoitiodulatory molecules would enhance 
the antigen specific iiramine response, as measured by the 
most stringent test, i.e., the ability to mediate 
regression of established disease. The vims, v. JS6, 
expressing the TAa alone, was used as control to measure 

'^^ either the positive or negative contribution of the 
ioTOunoffiodulatory molecule in the vaccination vector. 

The ability of a single inoculation of twelve double 
rWs, which expressed the genes encoding both an 
immunomodulatory molecule and the ^^-gal model tumor 

2^ antigen in the same virus, to effect regression of 

pulmonary metastases in tumor-bearing mice was assayed. 
The double rWs were constructed to include the b- 
galactosidase gene within the thymidine kinase (TK) region 
of the W genome for all vectors evaluated. The position 

2^ of the immunomodulatory molecule for most vectors is also 
within the TK region of the W genome under the same 
promoter as the TAA. However, in the case of the B7-1 
vector, the gene for B7-1 is placed within the Hind III P 
region as described above and shown in Table 6. 

35 The double rWs studied were V.MCB7.1 (Hind III F 
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region of W genome) /b- gal {TK region of W genome), v, 
human b;- microglobulin (TK) /b-gal (TK) {3154}, v. murine b;~ 
microglobulin (TK) /b-gal (TK) {O'Neil, B.H. et al 
Immunol . 154:1410-1418, 1993), v. murine MHC I L" {TK)/b- 
gai (TK) {Restifo, N.P. J. Exp. Med, 177:265-272, 1993), 
V. MHC I K" {TK) /b-gal (TK) (Restifo, N,P. J. Sxp. Med. 
177:265-272, 1993), v. MHC 1 (TK)/b-gai (TK) , v. MHC I 

(allogeneic) K'' (TK) /b-gal (TK) (Restifo. N.P. J. Exp. 
Med. 177:265-272, 1993), v, human leukocyte antigen 

(xenogeneic) HLA-Aj (TK) /b-gal (TK) (O'Neil, B.H. et al 
J . Immunol . 154:1410-1418, 1993), v. murine interleuk.in - 
2 {IL-2) (TK)/b~gal {TK} , v. murine granulocyte -macrophage 
colony stimulating factor (QMCSF) {TK} /b-gal {TK) , v. 
interferon -gamma (IFN-g) (TK) /b-gal (TK) (Bronte et al . , 
in press) , and v. tumor necrosis factor- alpha (TNP-a) 

(TK) /b-gal (TK) . The v. JB6, expressing only b-gal in the 
TK region {described above) , and a non- replicating W, 
modified vaccinia Ankara (MVA) (Sutter, G, et al Proc. 
Nat 'I Acad. Sci . U.S.A. 89:10847-10851, 1992), also only 
expressing b-gal, were used as controls. 

Using the in vivo active treatment protocol outlined 
above, mice bearing three day pulmonary metastases were 
immunized with a single dose of the selected rW. In each 
experiment, no therapeutic response was seen with any rW 
against the parental tumor, CT26.WT, thus documenting the 
specificity of the response. Figure 14 displays the 
results of our initial screening experiment in which 
mice bearing three-day CT26,C25 tumors were vaccinated 
with rW (l(j' PFUs) . 

When compared with the HBSS vaccinated control mice, 
only V, IL-2/b-gai and V.MCB7- l/b~gal mediated boch a 
specific and significant reduction in the number of 
pulmonary metastases tp < 0.006 and p< 0.002, 
respectively) . The ability of v, JS6, the single rW 
expressing b-gal alone, to mediate significant tumor 
regression was variable from experiment to experiment. 
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{Data not shown 3 . The inability of v. MVA/b-gal, a non- 
replxcating W which produces high levels of b-gal, to 
mediate any regreasion, may indicate that prolonged TAA 
expression {as would occur with a replicating WS is 
required for a successful CTL response. Treatment with 
^ V. XL -2 /b-gal and v. MCB7-l/b-gal resulted in a 10 and 5 
fold further reduction in the nuinber of metastases when 
compared to the beet results obtained with v. JSS. These 
results suggest that vaccination with an iBminodominant 
TAA alone is capable of priming a cytotoxic antitumor 
JO inanune response which can then be further enhanced by the 
simultaneous expression of unique iimtunomodulatOEy 
molecules - 

Although all doiibie rW contained the gene for the 
TAA, b-gal, only v. IL- 2 /b-gal and v. MCB?-! /b-gal were 

15 able to mediate significant reductions in the nwiber of 
pulmonary metastases. Insufficient b-gal expression is 
unlikely to account for the therapeutic failure of the 
ineffective double rWs. men tested, b-gal expression, 
at least between the individual cytokine producing rW, 

20 did not significantly different {data not shown) . The 

potential for the gene encoding for the immunomodulatory 
molecule within the double rW to exert an 
immunosuppressive effect on the generation of a TAA 
cytotoxic response, or directly inhibit TAA protein 

25 expression was not evaluated, and cannot be excluded. The 
possibility that the failure of the QM-CSF, XFN-7, or 
TKF-O! producing rWs is due to immunosuppresive effects of 
local cytokine production was not further explored. 

Tumor regression following vaccination with v. MCB7- 

30 i/b-gal has not been previously reported. However, the 
therapeutic result obtained with this rW supports the 
notion that costimulatory molecule expression is 
necessary for optimal T cell activation. Of note, a 
single vaccination with v. oVb-gal at a lower viral 

35 inoculate (10* PFUs) was also capable of mediating a 
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Significant reduction in the nuinber of pulmonary 
metastases (p < Q.0Q5). This suggests the existence of a 
epitope for the b-gal protein heretofore unknown. 
Based on the finding-s of this screen, and other 
reports of ant i- tumor effects with both B7-1 transfectants 
{Guinan, E.C. Blood 84:3261-3282, 1994) and V, B7-1 
oncolysates {Hodge, J.W. et al Cancer Res. 54:5552-5555, 
1994) , a more extensively evaluate the in vivo effects of 
V. MCB7-i/b-gal on the cell -mediated antitumor immune 
response was conducted. Interestingly, the generation of 
CTL following B7-1 transfection is an IL~2 dependent 
phenomenon, since the addition of IL-2 blocking antibody 
during the induction phase blunts generation of a 
cytotoxic response {Harding, F.A. et al i;^., ,,Ex p „ . , M ^ ^,. 
177:1791-1796, 1993). 

Ex an^l^ 

Protection Against Subsequent Tumor Chailenge 
by iMitunigation with v. MCB7-l/g-cral 

Although the identification of murine and human TAAs 
and TAA specific CTLs confirm that an inmiunocompetent 
host can generate a significant cytotoxic T cell response 
against autologous neoplasms; the iiarounogenieity of these 
TAA is generally weak allowing for the progressive growth 
of tumors. Protective immunity following vaccination with 
a rW expressing either the TAA alone, or in combination 
with B7-1 was evaluated. The rW strategy utilisjed in 
this current study has a distinct advantage over B7 
transfections studies {in addition to the ease of 
administration) , since the specificity of the iEsnune 
response against a defined model TAA can be measured by 
comparing the response in the transduced tumor cell line 
CT26.C25, with the parental tumor, CT26.wr. Whereas the 
protective immunity demonstrated in the transfection 
studies is interpreted as a specific CTL response against 
an undefined TAA, the unique reactivity of the CTL in this 
model is easily avaiuable. 
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Naive mice were initially vaccinated with either v. 
MCB7-i/b-gal, or a control virus, v. MOSm/b-gal. The v. 
MCMHA/b-gal vector expressed an irrelevant protein, 
measles BA, which is a similarly sized and glycosylated 
molecule like B7-1, as well as the model TAA to allow 
^ for evaluation of the contribution of B7-1 to the response 
generated- Mice immunized with both v. MCS7-i/b-gal and 
V. MCMHA/b-gal were protected against tumor challenge 
with CT26.CL2S, but not the wild type tumor, CT26.WT -c 
0.0002 and p < 0,0014, respectively) (Fig. IS-J- These 
results confirm previous reports that vaccination with a 
rW expressing a unique TAA alone can confer protection 
to subsequent challenge with a TAA- expressing tumor, 
mantor, J. et al J , Nat'l Cancer inst. 84:1084-1091, 
1992; Bstin, CD. et al Proc. mt*l Acad. Scl.,. U.S.A. 

i5 85:1052-1056, 1988} , The completeness of the protection 
toy both viruses precluded a more thorough evaluation of 
the iif^act of the B7-1 gene in this situation. In this 
model system, b-gal protein expression toy tooth v. namA/h- 
gal and v. MCB7-l/b-gal was sufficient to exploit 

20 intracellular antigen processing mechanisms leading to 
protective immunity. 

g^ample 22 

Primary Adoptive Transfer of v. MCB7-l/^-gal 
Primed Splenocvtes to Tumor -Bearing Svncfeneic ^ce 

25 

Tumor igeni city is reflective of the state of T cell 
activation. In the present invention it was hypothesised 
that vaccination a rW coexpressing B7-1 and a model TAA, 
would result in the generation of a primary TAA CTL 
response which could be used in the adoptive therapy of 

30 

tumor -bearing syngeneic host. The therapeutic advantage 
gained by inmunising against a known TAA to elicit CTLs 
reactive against both autologous or allogeneic tumors are 
niimerous. Confirmation of the specificity of the CTL 
response was demonstrated in the initial observation that 
no reduction in the number of pulmonary metastasis was 
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noted after the adoptive transfer of any group of primed 
lyifiphocytes to syngeneic mice bearing CT26.W tumors. 

Mice bearing CT26.C25 tumors and inoculated with HBSS 
primed splenocytes showed no therapeutic benefit, however 
Che addition of adjuvant IL-2 to similarly treated mice 
resulted in a significant reduction in the number of 
pulmonary metastases (p <.00S4) (Fig. 16.). CT26.C25 
tumor -bearing mice treated with v. MCB7-l/b-gal rW 
splenocytes at two doses {10' and 10"^ PFUS) showed a 
significant reduction in tumor burden (p < 0.007 and p < 
0.007, respectively) . Again, adjuvant IL-2 treatment 
resulted in a 16,5 and 12,5 fold further reduction in the 
number of pulmonary metastases in this group. 
Significant tumor regression was also seen in mice 
receiving splenocytes primed with v. MCMHA/b-gal at 10* 
PFU, but not at 10^ PFU {p < 0.0052, and p < 0.094, 
respectively) , The addition of adjuvant IL-2 to the v. 
MCMHA/b-gal treatment group resulted in a 2 fold reduction 
in the number of pulmonary metastases in the group treated 
with V. MCMtIA//B-gal primed splenocytes at 10* PFU. 

Vaccination with a rW expressing only the model TAA, 
was capable of priming a specific iMnune response which 
mediated timtor regression on adoptive transfer. 
Vaccination with a rW containing both the costimulatory 
molecule, B7-1, and the model TMi, increased the 
therapeutic response by up to 150 fold. The increased 
therapeutic benefit mediated by v. MCB7-/b-gal primed 
lyitiphocyces may represent either or both a quantitative 
increase in the precursor frequency of TAA specific CTL in 
the adoptively transferred population, or a qualitative 
increase in the cytotoxic potential of the transferred 
cells mediated by B7/CD28 costimulatory signals. 
Infection with v. MCB?-l/b-gal would provide any MHC class 
I e^qjressing cell the required elements necessary to 
mediate a GTL response, without the need for APCs or CD4t- 
T helper cells (Dohring, C, et al int. j. Cancer 57:754- 
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759, 1994; Wu, Y. et al Cuxx , Bi<?l . 4:499-505, 19941. 
infection with v, MCB7-i/b~gal would also provide T cells 
with the capacity for autonomous stimulation leading to 
tooth a proliferative response to antigen and increased 
cytokine production (Dohring, C. et al ibid; Azui«a, M. et 
^ al J. ExD. Med. 177:845-850, 1593K Notatoly, toinding of 
B7/CD28 costimulates IL-2 mRNA accumulation ILinsley, 
P.S. et al J. Exp. Med. 173:721-730, 1991) important for T 
cells proliferative response, as well as IFN-y, important 
in Thl induction, as well as XL- 4 important in Th2 
induction (Walter, H. et al. gwr, Cytokii^e Netw^ 5; 13-21, 
1994) . In the absence of an antigen non-specific 
costimulator>' signal delivered by interaction between B7- 
CD28, naive T cells exhibit euboptitBal proliferation and 
decreased stability of mRNA for several cytokines 
important to the T cell proliferative and differentiation 
response {Linsley, P,S. et al mm, Rev, Ipm-ugol. 11;191- 
212, 1993; Harding, F.A. et al J. Ext>. Med. 177:1791-1796, 
1993). Coculture of CD8+ T cells with B7+, but not B?- 
tximors results in potent cytotoxic response, and 
proliferation {Harding, F.A. et al J. Exp. Me^t 177:1791- 
1796, 1993), which are inhibited by both anti-CD28 Fab 
fragments . and interestingly by anti- 11,-2 antibodies. The 
results demonstrate that direct activation of CTL by rW 
which provide appropriate costtmulation and antigen 
specificity results in improved therapeutic response upon 
the adoptive immunotherapy of primed splenocytes to 
syngeneic tumor-bearing mice, . The mechanism responsible 
for this response may be due to either or both a 
qualitative increase in antigen specific T cell precursors 
mediated by B7/a32 8 (or CTLA-4) interaction, or B7/CD28 
(or CTLj\-4) mediated differentiation of T cell effector 
populations , 

The adjuvant benefit received by adjuvant IL-2 alone 
upon the adoptive transfer of splenocytes in these studies 
35 confirms prior reports documenting direct I1.-2 antitumor 
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responsiveiiess , The simplest explanation for the 
therapeutic response seen with iL-2 alone is that is 
represants a lyn^hokine activated killer cell ILAK} 
response mediating non-specific cytotoxicity. However, 
IL-2 treatment was therapeutic only in the mice bearing 
CT26,C25 tximors, which ©stressed the model TAA. 
Therefore, a more likely explanation for results seen 
with IL-2 alone and as an adjuvant, is an IIi-2 mediated 
proliferation of antigen- specif ic CTL. 

Example 23 

Active Immunotherapy of Estafciished Pulmonary 
Metastases with v. MCB7-i/i8-aal 

Treatment of established disease remains the ultimate 
goal of immunotherapy. If lack of costimulation is a 
principal means through which ttmiors evade immune 
surveillance in this model system, then vaccination with a 
V. MCB7-i/b-gal should generate an active and specific 
therapeutic iiramne response in animals bearing established 
tumor. To test this hypothesis, tumor-bearing mice were 
immunized with a single injection of rWs, with designated 
groups receiving adjuvant treatment with IL-2 as outlined 
above. In addition to v. MCB7-l/b-gal and v. MCMIA/b-gal, 
V. MCB7-1/NP was used in these studies. The v. MCE7-1/NP 
co-expresses the B7-i protein with an irrelevant protein 
(influenza nucleoprotein, NP) not expressed on the 
CT26,C25, and allows for assessment of the role of B7-1 
expression alone. No significant tumor regression was 
seen following rW vaccination in mice bearing CT26.WT 
timore . 

In mice bearing CT26,C25 tumors, immunisation with v. 
MCB7-l/b~gal mediated a significant reduction in the 
number of metastases (p < 0.006) fFig. 17.). The high 
therapeutic effect precluded evaluation of the effect of 
adjuvant IL-2. In the same experiment, mice immunized 
with v. MCMHA/b-gal mediated no significant tumor 
regression {p < 0.36). In four separate experiments a 
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significant decrease in the nuM>er of pulmonary metastases 
for mice inBminized with v. MCMiffi/to-gal at lO'PFU was seen 
oaly once {p < 0,005). IL>-2 administration did not 
significantly improve upon tumor regression in v. MCMHA/b- 
gal treated mice. In the same and subsequent eieperiments , 
^ V. MCB7-1/NP had no effect on tumor regression. Overall, 
mice iuimuiiised with v. MCB7-l/b-gal showed a 170 fold and 
117 fold greater reduction in the number of pulmonary 
metastases than mice in the v. MCMHA/b-gal and v. MCB7- 
i/NP iimuni^ation groups, respectively. Exogenous IL-2 
alone did not mediate further tumor regression. This data 
implies that expression of the TAA and the costimulatory 
molecule are both necessary and sufficient to effect 
maximal regression of tumor in this active treatment model 
and suggests a role for B7-1 in both the induction and 
effector phase of the CTL response. This conclusion is 
further supported by the finding that a vaccination vector 
combining b-gal with an irrelevant protein did not 
reliably reduce tumor burden, (Note in one of four 
experiments, a significant reduction was observed, 

2^ although to a much lesser degree than that seen in the v. 
HCB7-l/b-gal iimuniieation group.) The presence of B7-1 
alone was insufficient to effect any significant 
regression, which is consistent with reports that the mere 
e3«pression of B7-1 on tissue without a new or foreign 

2^ antigen does not result in tissue specific autoimmunity 
(Guerder, S. et al jjnimmT.ity 1:155-166, 1994; Harlan, D.M. 
et al Proc. Ka t'l Acad. Sci. U.S.A. 91:3137-3141, 1994), 
The results from four separate active immunotherapy 
studies of mice immunized with 10^ PFUs of rW were 

30 normalized to the HBSS group for each individual 

es^eriment, and the data pooled and analyzed as percent 
residual disease (data not shown) . Immunization with v. 
MCS7-i/b-gal group showed an almost 20 fold reduction in 
the tumor burden cougar ed to HBSS control , with only S.2% 

35 of turoor remaining. Adjuvant IL-2 treatment did not 
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iir^rove upon this result, though a trend was seen in this 
group and the v. MCMHA./h - gal group. Imiunizatiori with v, 
MCMHA/b~gal mediated a nearly 2 fold reduction in the 
number of metastases with 40-5S% of tumor burden 
remaining, while the v. MCB7-1/NP mediated no meaningful 
^ reduction with 83-93% of tumor burden remaining. This 
cumulative data confirms the finding seen in the 
individual active immunotherapy studies. 

In order to evaluate whether active immunotherapy 
results with v, MCB7-i/b-gal were limited to the treatment 
of small tumor burdens, the same active treatment 
experiment in mice bearing six day metastases as repeated, 
A six day tumor burden is macroscopically visible with 
individual metastases measuring up to 2.5 millimeters. 
Again, no significant tumor regression was seen following 
J5 j^YV vaccination in mice bearing CT26,WT ttanors. Figure 18 
demonstrates that in the six day model, a single 
immunization with v, MCB?-l/b-gal mediated a significant 
reduction in the number of pulmonary metastases in mice 
bearing CT2S.25 tumors {p < 0.008} . Mice immunized with 
either v. MCMHA/b-gal or v. MCB7-1/NP had no. significant 
reduction in the nu«4>er of pulmonary m.etastases {p < 0.12, 
and p < 0.22, respectively) , Again, adjuvant IIj-2 did not 
improve this result. It is concluded therefore, that a 
rW co-expressing both the costimuiatory molecule, B7-1, 
and the TAA, b-gal, are required to mediate regression of 
both large and small tiamor burdens in this model system. 
Consistent with the previous data disclosed herein and in 
Wang et al J. Iirounoi. 154(9): 468S-4692, 1995, 
immunisation with a rW containing only the immunodominant 

30 TAA, b-gal, was capable of inducing a cytotoxic immune 
response resulting in a reduction in the number of 
pulmonary metastases when small tumor burdens are present, 
but has no efficacy against a larger txmior burden. 
Immunization with a rW expressing the costimuiatory 

35 molecule alone without the TAA, i.e., v. MCB7-1/NP, was 
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unable to prime an iinmune response and mediate tumor 
regression in either situation. 

A reduction in tumor burden is frequently 
demonstrated for several adjuvant interventions, but 
rarely translates into a therapeutic benefit in terms of 
^ prolonged survival. In a parallel experiment to the three 
day active treatment protocol described above, ten mice 
per group were followed daily for survival and events were 
recorded as either deaths, or severely moribund condition 
requiring euthanasia. In this study, all mice inoculated 
with CT26.WT were dead by day 43 with SOIr dead in all 
groups by day 32, 

CT26,C2S tumor bearing mice demonstrated varying 
degrees of survival among vaccination groups (Figure 19) . 
Mice receiving HBSS, Ih~2 alone, and v. MCB7-1/SP alone 
Iwith or without adjuvant IL-2) , were dead by day 39. Mice 
vaccinated with v. MCMHA/b-gal showed a significant 
prolongation of survival with 50% of mice alive at day 27, 
and the last mouse dying at day #46 (p < 0,0002} 
Adjuvant 11.-2 did not statistically improve upon this 
result. In the v. MCB7-l/b-gal vaccinated mice 50 % were 
alive at 70 days, and 30% continue to be long term 
survivors at over 100 days (p < O.OOOi). Adjuvant IL-2 
therapy for this group added no statistically significant 
benefit to survival, though a trend was suggested with 50% 
25 still alive at day # 88, and 40% alive at lOO days follow- 
up. 

The regression of pulmonary metastases seen following 
immunisation with the v. MCB7-1/ b-gal thus translated 
into prolonged survival for most animais treated. Two 
mice who were long-term survivors in the v. MCB7-l/b>gal 
treated group, subsequently died and their lungs were 
subjected to whole organ X-gal staining. One of the mice 
showed no evidence of X-gal staining, despite bulky tumor 
metastases. The second mouse showed moderate positivity 
35 for X-gai staining, with some metastases exhibiting no 
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Staining. Although the outgrowth of b-gal negative tumors 
as the cause of death in these long term survivors can not 
be concluded, it is a likely possibility. 

g^^ple 24 

Active Immunotherapy of Established Pulmonary 
Metastases with v. B7-2/g-aal and v . MCB7-i/S7-2/ff-gal 

As Stated earlier, optimal T cell activation require 
two signals, once delivered by the MHC/TCR interaction and 
a second from the B7-1/CD28 or CTLA-4 interaction. It was 
evaluated whether a rW coe>q3ressing E7-2 {v. MCB7-2/jS- 
gal), or both B7-1 and B7-2 (v. MCB7-l/B7-2/,iS-gal) , with a 
TAA would be -a more potent vaccine to stimulate TAA 
specific CTL response. 

Mice were initially inoculated with 5 x 10* tumor 
cells of CT25.WT or CT26.C25. Mice bearing three day 
tumors were then immunized with a single injection of rW, 
with designated groups receiving adjuvant treatment with 
XL- 2 as outlined above. In addition to the rW described, 
an additional rW was constructed v. MHA/B7 -2/b-gal , 
which contained the MHA gene in the Hind III region of the 
W genome, and both B7-2 and the E. coli lac Z gene in the 
TK region. This was created to control for the presence 
of the B7-1 gene in the v. MCB7 -l/B7-2/^i-gal construct 
(Fig. 20.). No significant tumor regression was seen 
following rW vaccination in mice bearing CT26,'WT tumors. 

As seen in previous active immunotherapy exp^eriments 
with mice bearing three -day CT26.C25 tumors, vaccination 
with V, MCS7-l/^f-gal resulted in a significant reduction 
in the number of pulmonary metastases {p < 0.0014}, while 
V. MCMKA/jS-gal mediated only a minimal reduction {p 
<0.054}, and v. B7-1/NP mediated no reduction (p < 0.13). 
Vaccination with both v. MCB7-2/;S-gal and v, MCB7-l,/B7- 
2/j8-gal resulted in a significant reduction in che number 
of pulmonary metastases (p < 0,0 019 and p < 0.0018, 
respectively). Similarly, treatment with v. MCMHA/B7-2/i3- 
gal also mediated significant reduction in the number of 



